lowed by a leveling off at higher levels.
The concerned occupational health nurse needs to review the classic descriptions oflead poisoning, paying special attention to the subclinical symptoms that can warn ofa gradually increasing BLL.
continues in many industries. According to the Morbidity and Mortality Weekly Report (1989) , the construction industries account for the highest proportion of exposures. Three fourths of these construction workers are involved in renovating older structures (Franklin, 1991) , e.g., rebuilding bridges (Marino, 1989) and sanding and chipping paint during ship overhaul (Booher, 1988) . Other recently documented exposures have occurred in radiator shops (MMWR, 1991) . Recent literature has sharpened the debate on the question of what constitutes a lead exposure. At this time the acceptable blood lead level (BLL) for occupational exposure is less than 25 ug/dl». Although the clinical and pathophysiological effects of high lead levels are well known, evidence continues to emerge about adverse health effects at lower BLLs (Lippman, 1990) . The threshold for health effects may not yet be known (Goyer, 1990) .
The concerned occupational health nurse needs to review the classic descriptions of lead poisoning, paying special attention to the subclinical symptoms that can warn of a gradually increasing BLL. These early effects oflead poisoning (plumbism) are nonspecific: fatigue, malaise, sleep disturbances, headache, muscle and bone pain, constipation, abdominal pain, and decreased appetite.
Even exposures at low levels over a long period oftime can cause severe damage to the blood forming, nervous, urinary, and reproductive systems. Kidney disease may result, with few if any symptoms appearing until extensive damage has occurred.
The Second National Health and Nutrition Examination Survey (NHANES II) data on white males, 40 to 59 years of age, showed significant association between blood lead and blood pressure across a range of 7 to 34 ug/dl, even after controlling for all known factors previously established as being correlated with blood pressure (Lippmann, 1990 ). An interesting trend in these studies is that the larger increases in blood pressure occurred at relatively low lead levels, fol-
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BRIEF REVIEW OF LEAD STANDARD
The OSHA lead standard became law in 1978, and was designed to reduce workplace lead exposures and prevent lead poisoning through early identification of elevated BLL (Rempel, 1989) . The standard is complicated and deals with the employer's responsibilities to the lead exposed worker. Some employer responsibilities under the lead standard are (OSHA, 1978) In an occupational setting, workers are primarily exposed to lead in one of two ways: airborne lead can be inhaled; or lead dust can be ingested if workers fail to wash their hands or remove clothing before eating, or if they smoke contaminated cigarettes.
CASE STUDY
In December 1990, two employees of a multidisciplinary research facility reported to the medical department, expressing concern about possible exposure to metals in paint. Their concerns had been triggered by local media publicity about lowering acceptable lead levels for children in the state of California.
These painters were from a crew of seven and were responsible for upkeep of some 80 buildings spread over 130 acres. The facility was built in the 1940s, and therefore some of the original buildings were in need of periodic painting as part of a general maintenance program. Before new paint is applied, the old paint is often removed by sanding and grinding. Half mask respirators are required during this operation.
Though the seed of curiosity about potentiallead exposure was planted, no exposure data for example air sampling were available from the industrial hygiene department due to lack of staff and equipment. BLLs were performed and compared to controls who worked in the medical department. The painters' levels ranged from 2 to 7 ug/dl, and the control group ranged from 2 to 5 ug/dl», It appeared that the painters were not receiving any significant exposure.
In July 1991, a newly hired industrial hygienist, with a background in lead programs at an oil refinery, sent a memo to the medical department expressing his concern about exposure to airborne lead during the sanding and grinding operations. Several months later, the painters began removing paint from the blowers atop one of the older buildings. Blood leads were again normal; however, subsequent air sampling showed lead levels that exceeded the OSHA PEL and the "action level" several times (Figure 1 ).
Before this work was performed the paint had been analyzed and found to contain 0.5% lead. Because possible lead exposure was anticipated, the painters wore half mask respirators with High Efficiency Particulate Air filters (HEPA) and their actual exposure was below the OSHA PEL. In addition, wipe and bulk samples from various areas in the same building indicated that there was a potential for airborne lead exposure to other employees if the dust was disturbed. The industrial hygienist recommended that all sanding and grinding of leaded surfaces be discontinued unless equipment with dust collection devices were used.
This case study should alert the occupational health nurse to the fact that lead dust can be a source of exposure. An occupational health team approach involving both the occupational health and industrial hygiene departments, working with the supervisor and the employees, can identify the necessary data to complete the picture. Without the information provided by the industrial hygienist, in this case, the occupational health department would not have known the potential for exposure-for the painters and the other employees in the area as well. Using only the BLL would have given the uninformed health professional the inaccurate impression that the employees were not at risk of exposure. The team concluded that the BLLs were normal because the personal protective equipment (HEPA filter respirators) provided adequate protection. However, personal protective equipment should be used only as an interim measure until engineering controls can be provided.
Permissible
The first level of control of exposures is through engineering. Engineering controls deal with the exposure at its source and over time are a less expensive, more reliable, and more effective means of providing worker protection. In fact, this is the intent of most OSHA standards.
In this case, the work was stopped until such controls were in place. The team recognized the potential for exposure to the painters should the personal protective equipment fail, as well as the possibility of exposure to other employees in the immediate area-the custodians, for example. In addition, lead dust could enter the building ventilation system, increasing the possibility of exposure to other areas.
To provide for a safe and healthy workplace for the painters, a local exhaust system with electrostatic precipitation as the collection method was used when sanding paint containing 4% lead. Air sampling during this work indicated lead levels to be below the OSHA action level (Figure 2) . The earlier air levels were higher even though the lead levels in the paint were less (Figure 1) .
Subsequently, paint samples from buildings needing to be repainted have been analyzed for lead. The lead content ranged from 0.13% to 11%. Sanders and grinders with dust collection shrouds are to be purchased for this future work. Prior knowledge of potential exposure, the use of this equipment and a periodic health (medical) surveillance examination will lower risk of exposure even more.
IN SUMMARY
Lead Revisited
A Case Study on Lead Exposed Painters.
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ering them instead under the 29CFR 1928. Though OSHA is in the process of correcting this,* these workers are held to less stringent standards (200 ,..,g/m 3 ) than the lead industries. It may be argued that paint removal is a construction activity, and therefore the painters in this case are not covered by the OSHA lead standard. However, in the interest of providing a safe work environment, following the more stringent standard is generally recommended. In this case, even the less stringent standards were exceeded. Without air sampling, it may be left to the occupational health nurse to detect exposure by means of BLL. Using the BLL to identify exposure is unfortunate, because lead has a long half life in the body, and chelating the lead after exposure is an expensive and difficult process. Health (medical) surveillance is limited in this instance. It is, at best, a secondary, not a primary means of discovering exposures.
The Standard requires a medical surveillance program when the employee is exposed at or above 30 ,..,g/m 3 for greater than 30 days in a year.
LEGAL ISSUES
Occupational exposures to lead can go beyond the obvious and may affect the next generation. Not only do low levels of lead affect the neurodevelopment of children and infants, but also the unborn. (The 1986 EPA criteria on lead contains a thorough review of the neurological and behavioral effects of chronic, low level lead exposures in children.)
Fetal exposure can be assessed, and treatment is available, but many uncertainties exist in regard to counseling women with possible exposure during pregnancy. In addition, the recent International Union, United Automobile, Aerospace and Agricultural Implements Workers of America us. Johnson Controls, Inc. decision raises issues around how to best protect women (and men) of childbearing age. The sperm as well as the ovum may be affected by lead. In fact, lead has been used as a spermicide as well as an abortifacient (OTA, 1988) .
As stated in the court ruling, the company's policy of barring fertile women from certain jobs involving lead exposure was discriminatory. This type of fetal protection policy shifts the responsibility to maintain a safe workplace from the employer to the woman worker. The Johnson Controls ruling significantly affects occupational health nurses who, in many facilities, are a major link to health education and counseling. Informing workers of occupational hazards and health risks is both a legal and ethical requirement.
Interpretation of the court ruling implies that employers must inform employees of the hazards, but the decision to work is left to the individual (Rayburn, 1991) . The effects of this decision on company liability is yet to be seen. Communicating risks in a meaningful way is a difficult problem (Cohen, 1985) . Clearly, the occupational health team will need to develop strategies to communicate and document the risk education given the individual employee, but, more importantly, the team will have to insure adequate training, fitting, and use of personal protection equipment. 1.
2.
3.
4.
Lead exposure, one of the oldest occupational hazards, continues to be a problem.
The construction industries account for the highest proportion of occupational exposures.
This case study found that removal of leaded paint by sanding may expose painters to lead levels above the PEL.
The informed occupational health nurse who "revisits" lead will be a valued team member in the identification and control of lead exposure.
IMPLICATIONS
The lead standard is unusual in that.it exempts the construction and agricultural industries, cov-JANUARY 1993, VOL. 41, NO. 1 *Recent Congressional action directed OSHA to promulgate an interim temporary standard for lead in the contruction industry within 6 months.
However, to provide a multidisciplinary approach, a periodic physical examination, including BLL, should be considered in addition to air sampling. This also provides an opportunity for the occupational health nurse to discuss the worker's concerns and to provide health education, for example, explaining to families the possible dangers from lead dust contaminated work clothing.
